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ABSTRACT 

An investigation was carried out to study the effects 
of tannins in rapeseed meal on its nutritive value for chicks. 
Two experiments were conducted to study the effects of the 
tannins in rapeseed meal on its metabolizable energy and on 
the absorbability of its- nitrogen. 

The results obtained showed that extraction of tannins 
from rapeseed meal significantly increased its metabolizable 
enerey content, tor chicks-trom J .oJ/71 gol, 644 «kcal per kg and 
from 254. tO. |, /00) kcad pero ke, at 2eand.o weeks, of age, 
respectively. Wddi tioneot, tannins extracted: tromeirapssecd 
meal to a ration in which soybean meal served .as. the. sole 
source of protein, significantly reduced uits metabolizable 
energy value. 

The absorption of nitrogen from rapeseed meal was not 
affected by removal of tannins from the meal. Nitrogen 
absorption from rapeseed meal and tannin-free rapeseed meal 
were 62.6 and 64.2% respectively when the meals were fed in 
combination with soybean meal and 79.7 and 80.4% respectively 


when fed as the sole source of nitrogen in the ration. 
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INTRODUCTION 

Rapeseed is a crop, well adapted to Canadian conditions. 
[tems sangood souncesof vegetable oil and, as a pyproducrsac £0. | 
extraction, provides a high-protein meal for livestock and 
poultry feeding. Analyses of the proximate orame piles lof ‘thie 
meals indicates that, in general, rapeseed meal is comparable 
to other plant protein meals. 

In modern methods of oil extraction, meals are subjected 
to less heat during processing and the amount of oil left in fie 
meal is greatly reduced as compared to expeller meals. As a 
result of this procedure, the meals are of much better quality 
than those produced a few years ago. Examination of essential 
amino acid composition of modern rapeseed meals indicates that 
they should be generally equivalent to other plant protein 
supplements. 

Use of rapeseed meal for feeding poultry has been 
limited because it contains factors that may affect thyroid 
size, growth rate, reproduction and livability of animals. One 
of the factors that may be involved is the presence of tannins 
in the meal since it has been reported that the addition of 
tannins to poultry rations may reduce rate of growth and may 
affect utilization of energy and protein. 

The present study was designed to determine the effect 
of tannins in rapeseed on the metabolizable energy content of 
the meals and to assess the influence of the tannins on nitrogen 


absorbability. 
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REVIEW OF LITERATURE 
Chemistry of tannins 

Tannins are polyphenolic compounds with molecular 
weights ranging from 500 to 3000 g that are found widely 
distributed in plants (White, 1956). According to Haslam 
(1966) plant material also contains simpler polyphenols 
(monomeric flavonoids and derivatives of hydroxycinnamic acid) 
which because of their low molecular weight are not considered 
to be tannins. 

Freudenberg (1920) classified tannins ie tO Wile 
hydrolysable and condensed tannins basing the distinction on 
their reaction to acids. The hydrolysable tannins, which 
have ‘a polyester structure, are readily hydrolysed by acids 
or enzymes to yield sugars or related polyhydric alcohols and 
phenol carboxylic acids. Depending on the nature of the latter, 
a subdivision into gallotannins and ellagitannins is also 
usually made. Thus on hydrolysis, the gallotannins yield 
gallic acid while the ellagitannins yield hexahydroxydiphenic 
acids in addition to the sugar or alcohol moiety. The alcoholic 
portion of the hydrolysable tannins has most often been found to 
be D-glucose, although in some cases Other sugars thave (been 
isolated from the tannin core. The condensed tannins, in 
contrast, do not readily break down with dic ids) Wei nsitead) ithey 
undergo progressive polymerization to amorphous phlobaphens or 
tannin reds. 


The metabolism of phenyl propanoid compounds in vascular 
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3 
plants is connected not only with tienin biosynthesis but also 
with the biosynthesis of other substances (Haslam, 1966). 

Birch (1962) suggested that condensation of one molecule OL 
cinnamiceacia or rellated C.-C component with three malonate 
molecules would yield a chalcone as the starting compound of 
the flavonoid biosynthesis. This concept has received support 
by Birch and Donovan (1953) in studies on the biosynthesis of 
different flavonoid compounds. These workers found that 
isotopically labelled acetate precursors, were incorporated 
into the A-ring while phenyl propanoid precursors were incorp- 
orated into the B-ring of the flavonoids. They were presumed 
to arise via the shikimic-prephenic acid pathway shown in 
Equation 1. 

The biosynthesis of condensed tannins is attributed) to 
a process of condensation or polymerization of monomeric flavan 
=3, 4-diol or £flavan >3-0l1 pyecursors (Roux and Paulus, 1961). 
While the weight of existing evidence, according to Haslam (1966) 
favours theories of condensed tannin formation by enzymatic 
condensation of flavan -3, 4-diols; Hathway and Seakins CUS SSy 
1957) proposed enzymatic oxidation of catechins, (Equation 2) 
as an alternative mechanism. Considering the increasing 
significance of phenol oxidation mechanisms in the biogenesis 
of a wide spectrum of natural products the above mechanism for 
catechin-tannin formation may hold significance in relation to 
the composition of condensed tannins (GROUse ao O13). 


A scheme for the biosynthesis of gallic acid (Roux, 
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Equation 1. Biosynthesis of flavonoids 


RI = acetate, SR = coenzyme A. 
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Equation 2. Biosynthesis of condensed tannins 
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1968) has been proposed (Equation 3). Biosynthesis of free 
gallic acid from glucose as a carbon source by lower organisms 


has been demonstrated for a strain of Aspergillus (Sasaki and 


hakao, loos) 
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Equation 3. Biosynthesis of gallic acid (Roux, 1968) 
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Zenk (1904) concluded that. gallic acid is derived from 
phenylalanine through oxidative degradation. Evidence at 
variance with the above conclusion has been obtained by Conn 
and Swain (1961) from studies in which acetate, glucose and 
phenylalanine served as precursors of gallic acid for Germanium 
pyrenaicum. Glucose was found to be the best precursor of 
gallic acid and phenylalanine the poorest. The results obtained 
werosconsistent withs the formation of, gallic, acid «rom glucose 
by the shikimic acid pathway. 

In, contrast, to, the method ofsftormation of condensed 
tannins, referred to previously, hydrolysable tannins (galloyl 
esters and gallotannins) are regarded as having their origins 
from esterification, of gallic acid with, the. appropriate 
carbohydrate (Haslam, 1966). According to Haslam, plants 
ditterswidelyim their ability to, form simple or, complex 
galloylvesterse mono-esters with, D-glucose (B -D-glucogallin) 
and quinic acid (theogallin) occur relatively widely; but 
complex gallotannins with 7 or 8 galloyl groups per carbohydrate 
unit have a more limited distribution. 

Properties of tannins 

Precipitation of proteins is one of the important 
properties of tannins (Gayon, 1968). The active Sites are the 
peptide bonds of the protein molecule (Hasvanm, £1966). In this 
Tegard, Grassmann (1937) has.shown that water-soluble condens- 
ation products of urea and formaldehyde which contain peptide 
bonds are quantitatively precipitated by tannins. Evaidemec 


of such affinity between tannin and peptide bonds has also 
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been demonstrated by Gustavson (1954). 

All phenols, unless sterically hindered, take part in 
hydrogen bonding (Thomson, 1964), and the bond formed between 
phenols and amides is one of the strongest types of hydrogen 
bonds (Flett, 1952). Phenol itself has been shown to form 
complexes with proteins (Gustavson, 1956a), nylon (Endres and 
Hérmann, 1963) and polyvinylpyrrolidone (Gustavson, 1954) coaaln 
addition, many phenols are readily oxidized to nighlvyeredctave 
quinones (Thomson, 1964; Mason, 1:95 54 olkOi59 i either non 
enzymatically, or by plant phenol oxidases and peroxidases. 
According to Thomson and Mason quinones are OxX1di zing. agents 
and may oxidize essential groups of proteins... More particularly, 
they polymerize rapidly forming covalent bonds with protein. 

The pH responses exhibited by the two types of tannins 
are different (Gustavson, 1956b, 1963). According, te Gustavson 
condensed tannins are bound to other reactive groups almost 
independently of pH below neutral except foOreaneindi rect ettect 
due to the swelling of collagen at pH 3 or below. The react- 
ivity decreases rapidly above pH 8. Hydrolysable tannins, on 
the other hand, are bound very strongly at pH 3 to Jab Geechee 
binding decreases above pH 5. 

Gustavson has shown that tannins are partially removed 
from all soluble and insoluble complexes with 6 to 8 M urea. 
Dilute alkali, or aqueous organic solvents which are capable 
of hydrogen bonding, such as alcohols or,acetone .,.also break 
the tannin Be al fee iG pagaous 1956b, 1963) but in certain 


cases they dissolve the substrate as well. 
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Tannins in nutrition 
1. Effects on growth 

Chang and Fuller (1964) have reported that the use of 
grain sorghums of high tannin content in rations for chicks 
resulted in growth retardation which was similar in magnitude 
to that caused by equivalent levels of tannic acid. These 
workers also noted that when choline and methionine were added 
to rations containing sorghum grains improved growth 
rates were obtained. Booth et al. (1959) have suggested that 
methyl donors are need for detoxification of tannic acid and 
its breakdown products. 

In studies on the appetite depressing and growth 
inhibiting effects of various hydrolysable and condensed 
tannins Wolrace@ alNgneroco trond ttia tas 81 Pe Cle ta's +055 
dietary tannic acid caused a depression in the growth Oi ReheGks: 
Of la numberrot ‘Cannins Cseudred fttannre°acid proved to be the 
most deleterious. The growth depressing properties of tannic 
acid were not prevented by the addition of methionione, 

Gol mney hbetainerortorn Pthine. 
2° Effects ‘on energy utilization 

In studies on the metabolizable energy value of rations 
containing carob meal, a rich source of tannins, (Bornstein et 
Ae MeIG5: Vohrareteal, 941906)" *found that increasing the level 
of carob meal in rations lowered the metabolizable energy value 
of the rations. When various commercially available hydrolys- 
able and condensed tannins were used (Vohra et al., 1966), it 


was observed that a level of 2% tannic acid in the raclom 
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10 
resulted in a significant decrease in the metabolizable energy 
content Of the ration. 

Seeereteetooon protein utilization 

It has been observed that the inclusion of tannins in 
poultry rations results in a decrease in the utilization of 
protein. Chang and Fuller (1964) reported a slight depression 
ie digestibility of protein, as a result ’of including 1% tannin 
in the ration of growing chickens. They concluded that the 
magnitude of the growth depression, however, could not be fully 
accounted for on the basis of the decrease in protein digestibil- 
ity noted., Bornstein et al. (1965) noted.that a significant 
reduction in nitrogen retention occurred when rations contain- 
ing high levels of carob meal, a rich source of ptannins were 
fed. Likewise, a significant depression in protein retention 
by chicks-as a réesult-of feeding rations Containing 25 tannic 
acid was. reported by Vohra et al. (1966). 
4. Effects on mineral utilization 

The possibility of forming complexes between metals 
and phenolic compounds by chelation has been recognized and 
there is evidence that such complexes exist in nature. Jurd 
and Geissman (1956) observed that a great number Ob enatural 
phenolic compounds contains structural groups susceptible to 
formation of complexes with metals. Harbone (1965) reported 
that phenol metal complexes participate inlthéftcoloringtof 
plants. Jurd and Geissman (1956) suggested that formation 
of complexes in al keine medium may occur as shown in 


Equation 4. 
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Equation 4. Complexes of flavan -3, 4-diol with metals 


Complexes such as these could have considerable signif- 
icance both with respect to the detrimental effects that they 
might have on the availability of minerals and «6 the benefi- 


cial effects that such complexes might have on reducing the 
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adverse chtects 01 “tannin On the Utilization of other nutrients 
in the “rataon; 
Tannin content of rapeseed meal 

The tannin content of the prepress-solvent and solvent 
processed rapeseed meals were analyzed and reported to be 2.71 
to 3.35% respectively with an average of 3.01% (Clandinin and 
Heard, 1968). It would appear therefore that rapeseed contains 
appreciable amounts of tannins. On the basis of the work of 
Vohnaretecal? (1966) 4eitawasnconcludedathat rapeseed méaltmay 
eEontain«tanninssin amountsesufficientito adverselyeaffiect chick 
growth and metabolizable energy when the meal is fed at high 


levels. 


\ y ‘: “a 

ie a 

* . 

. = 


Si | | ps N 
\ i 


etasixvtun taftto te noltsstiity eds mo ctnied to efoetts serevbs | 
| foits1 edd af 
[som hesesqet to Yastaos miansT 

tnevivog brie tnsvloe-aecTgsrg sit to tnstno> finns? sat 
' oq OF DeSTOGST bi bostyleas stsw eleom Bbeezeqet beeess07q 
iI9) #@10.€ 20 ogsteve as dtiw visvetaeqeet €et.& oF 
tistno> beszeqsy tsdt erotereda tseqqse Bluow 31 .f80@£ , bites 
Irow ent to efesd sit Ao ast te eftnuome oldsftastqgs 
:-feam 29q8% bebtiistos 2sw ti , (dd@I) ‘is te etdov 
rip sostis visetevbs of redo Fue 23 muons nt datesne mistnos 
deid 3s 6s . [pom odt oofw varons oldesifodstem bas fjwotg 
.elevel 
: 


13 
EXPERIMENTS AT THE UNIVERSITY OF ALBERTA 


Two experiments were conducted to study the effect of 
tannins on the nutritive value of rapeseed meal for chicks. 
In the first experiment tannins were extracted from rapeseed 
meal and the metabolizable energy content of this meal was 
compared with that of the unextracted rapeseed meal. The 
extracted tannins were added to a soybean meal containing diet 
and the metabolizable energy content of this diet was compared 
with that of the same ration without added tannins. In the 
second experiment, the effect of tannins in rapeseed meal on 
the absorbability of protein by chicks was determined by using 
regular and tannin-free rapeseed meals at the 30% level in 
rations containing soybean meal and as the sole source of 
supplementary protein. 
1. Effect of tannins in rapeseed meal on the metabolizable 

energy value of rapeseed meal for chicks 

Object 

The purpose of this experiment was to determine 
whether the removal of tannins from rapeseed meal would improve 
its metabolizable energy value. In addition, the effect of 
adding the tannins removed from rapeseed meal to soybean meal 
on its metabolizable energy content was studied. 
Experimental 

One sample of rapeseed meal was used to study the 
effect of tannins in rapeseed meal on the metabolizable energy 
content of the meal por chicks. Proximate composition and 


tannin content of meals, determined by AOAC (1960) methods; 
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14 
and oxazolidinethione and isothiocyanate content, determined 
by methods developed by Astwood et al. (1949) and Wetter 
(1955,'1957)§ are given in’ Table 1. 

Tannin-free rapeseed meal, used in this study, was 
prepared in the following manner. 

Extraction of tannins from rapeseed meal was made in a 
stainless steel, soxhlet-type apparatus using the procedure 
described by Gayon (1968). Approximately 30 litres of methanol 
was used as solvent for each extraction and 3-4 gms CaCO, was 
added! *to "the solvent® in. order tol decreaserthe acidity 
(Geissman, 1955). Approximately 3 kilograms of rapeseed meal 
were extracted for 16 hours to ensure satisfactory removal of 
the tannins. The extracted rapeseed meal was then oven-dried 
for 24 hours at 65 C, to remove methanol, and tested for tannin 
content. The extract was filtered immediately after extraction 
and ‘concentrated, under vacuum at 30-C to about 10% of its 
original volume at 30 C. During concentration a sediment 
formed which was considered to be tannins. The sediment was 
separated by decanting the supernatant. The tannins remaining 
in solution were precipitated from the extract by adding a 
saturated solution of neutral lead acetate (Geissman, 1955). 
The precipitated tannin complexes were then Separated by 
de tomecpetion and the supernatant was decanted. The precip- 
itate was resuspended in methanol and decomposed with a 
stream of hydrogen sulfide. The lead was precipitated as 
lead sulfide, and separated by feltratrons Theciiltratewas 


then concentrated under vacuum at 30 C to desired volume and 
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5 
refrigerated along with the tannin sediment until they were 
added to the soybean meal. The supernatant from which the 
first lead-tannin complexes were removed was also treated with 
a stream of hydrogen sulfide to precipitate any lead as lead 
sulfide, filtered and the filtrate was added back to the 
extracted rapeseed meal. After reconstitution both meals were 
oven-dried at 65 C until methanol was completely evaporated. 

Rapeseed oil was.added, to the extracted rapeseed meal 
il) Order tomequalinze\the fat’ content of the extracted and 
original rapeseed meals. The extracted meal, although it 
contained a residue of 0.77% tannin, is referred to hereafter 
as tannin; treemerapesced med. 

Metabolizable energy values were determined by the 
method of Hill and Anderson (1958). The reference diet used 
for the metabolizable energy determinations is shown in 
abel Caz 

Five rations were used in this experiment. Ration 1 
was the reference ration (Table 2). Ration 2 was formulated 
from the reference ration by replacing 30 parts of glucose 
with 30 parts of rapeseed meal. Ration 3 was similar to 
Ration 2 except that tannin-free rapeseed meal was used in 
place of regular rapeseed meal. Ration 4 was made iso- 
Mitrecenous, tO sation 2 byereplacime 2Z0./2 parts of glucose 
With 20.72 parts of soybean meal. Ration 5 was similar to 
Ration, 4 except that the tannins extracted from 30 parts of 
rapeseed meal were added to the 20.72 parts of soybean meal 


imeerporated=im this ration. All substitutions were made on 
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(ACU mG OUpoOsi tion so: Yeterence diet 
en re 
Components 
octet ante ai Bia ae a as Cl ll Rt cel i el im lo a nears et Se nee oe 
Glucose 49.621 
Soybean meal oe 
Glycine 1 
DL methionine 
Brewer's yeast Dope 
Dried whey Z 
Mineral mix? Ao 
Vitamin idee 58 
Soybean oil 2 
Antioxidant 202.5 
Chromic. oxide mix? A 
Cellulose 864 
TOTAL 100 


Weereloce 


Mineral mixture supplied in milligrams per 100 grams diet: 


CaHPO,, 2,600; CaCO,, 1,300; NaCl, 600; KjHPO,, 220; MgSO,, 
115; FeSO,.7H,0, 28; MnSO,.H,0, 33.5; ZnCOz, 9.73; CuSO). 
SHO, 0.78; KI, 0.29 and Na,Se0,, 0.022. 


sVitamin mixture supplied the following levels per 100 grams 


Of diet: thiamine, 1.0 mg; riboflavin, 1.0 mg; calcium 
pantothenate, 4.0 mg; biotin, 0.04 mg; PyYTidoxines 2s OMe s 
niacin, 8.0 mg; folacin, 0.3 mg; menadione, 0.3 mg; 

vitamin Bio 020005 mes choline’ chioride, 500 mg; aureomycin, 
(ene av ntanin Agi, Ggda L.U. ; vitamin Dz, Olas a is 5 

Vitamines 55.31% US 


+e thoxyquin 


>contains: 30% chromic oxide, 70% flour 


yal . 
a h ‘ f - ra vs 
- : ; 
teib sonetetet lo moisieoqmoD - .$ HAGAT | _ ; 
2Inenoqmo) 
inleaieamillinasiai -_ . 

” [ 
Ch ez00uf[0 
dé [e2em asedyo?d 
i ) ’ saloylo 
é ) sninordzem Id 
a tesey 2’ taweid 
vetw boixd 
re, $ xim Ietenrmh 
8 i “scfm tie t iV 
io mesdyod 
" tugsbixoitaA 
tae _ a 
I, ALM SDixe DVinotn 
hag s2oluifsed 

00L IATOT 
e / wv 
seoletan! 
:tebb anstg OOL toq emprgi liam, at - beekquae otusxim Echowl ; - 


08am OSS ep OUed i ; 000 er { | 2000. 
+pOeuo Pe) ae 62 -p00a8 ; iGaee Oe. . 
$80, 0 ag 


anny 60L req afoved ant 
muists> | ‘git Our ae 
gm 1.8 v Beek: 


18 
a moisture-free basis. 

In the metabolizable energy determinations, male 
crossbred (Dominant White X White Plymouth Rock) chicks were 
used. They were maintained in electrically heated, thermostat- 
ically controlled battery brooders, with raised wire screen 
floors, in a temperature-controlled laboratory. In this 
experiment, male chicks were reared to one week of age on the 
reference diet and then alloted to groups of 10 chicks each on 
the basis of body weight and weight gain, equalizing both mean 
weight and weight distribution among the groups. Each 
experimental ration was fed to duplicate groups of chicks from 
7 to 42 days of age. Feed and water were supplied ad libitum. 
The chicks were weighed at 6 weeks of age and feed consumption 
was recorded. 

Excreta were collected at 24 hour intervals at 12, 13 
and 14 days of age and again at 40, 41 and 42 days of age. 

The three-day collections from each group were pooled and kept 
at -25 C until analyzed. Chromic. oxide was. incorporated in all 
diets at a level of approximately 0.3% as an index substance 

in order to eliminate the need for quantitative measurements 

of feed intake. The methods of processing excreta and of 
conducting chemical analyses for moisture, nitrogen, combustible 
energy and chromic oxide and of computing metabolizable energy 
from these data have been described previously (Hill and 
Andexsion, 919,53); pil] pet ad. ; 1960). Glucose, the- reference 
material used in the diets for chicks, was assumed to have a 


metabolizable energy value of 3.64 kcal per gram (Anderson 
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Gre valer,, «19.5 83) 4 

Atesixeweeks of age, 4°chicks from each group: were 
kitted s-andetherT thyroid glands were removed and weighed. 
Thyroid-to-body-weight ratios were calculated for each chick. 
Resi ltsmand. Dis cuss.on 

The results, summarized in Table 3, show the metabo- 
lizable energy values of rapeseed meal and soybean meals for 
chicks determined during the 2nd week and 6th week of life 
after the chicks had been fed the test diets for either 5 or 
SSPday ss 

Rnabysis oft Variance (Steel@and lorric, 1960) showed 
that there was a highly significant (P<0.01) difference in 
the energy content of the protein supplements, however, energy 
values were not affected by the length of time that chicks 
were fed the test rations. 

Removal of the tannins from rapeseed meal significantly 
increased (P<0.01) its metabolizable energy content at both 
the first and second collection. The metabolizable energy of 
the rapeseed meal increased from 1,171 to 1,844 kcal per kg 
when the metabolizable energy was determined during the 2nd 
Weekmandmtrom! 152535t0 5/60 when? the metabolizable energy was 
determined during the 6th week of age. In the case of the 
soybean meal, the addition of tannins Sipniaaecantlys Lowered 
(P20.01) the metabolizable energy content of the meal from 
Pa Ow Oude sOekGaly per ‘kawat the first collection: but: gave-a 
non-significant Penaeukons (P=aGR sm romeZ, (59M tow,, OLS kcal 


per Kyrat. the second collection. 
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TABURY5. —= EFtect of tannins on the metabolizable 
energy value of rapeseed meal and soy- 
bean meal tor chicks 


ee pr PR TS 


Interval on treatments, days 


Treatments 


1 to 14! iLO ee 

aK | Veale kcal/kg 
Rapeseed meal dats ls7i li deseees 
Rapeseed meal - tannins 1,844 lew 66 
Soybean meal 2,749 aad 
Soybean meal + tannins Ney oh) 2), OAS, 


lcollections for metabolizable energy determinations were 
made on the last 3 days of each experimental period. 


Values are expressed on a dry-matter basis and represent 
the average of duplicate groups. 
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The increased metabolizable energy content of the 
tannin-free rapeseed meal was probably a result of better 
nutrient utilization perhaps because of enchanced enzyme 
activity. Numerous studies have shown that tannins affect 
enzyme activity in plants and animals. Hulme and Jones 
(1962) found that tannins were responsible for the low 
activity of apple mitochondrial enzymes. Enzyme activity 
increased after the addition of polyvinylpyrrolidone which 
is known to bind vegetable tannins. Blumenberg and Kessler 
(1964) reported the inhibition of lactate dehydrogenase, 
glutamate-oxalate transaminase and alkaline and acid phospha- 
tases by tannin solutions. Goldstein and Swain (1965) who 
made an extensive study of the inhibition of S-glucosidase 
by tannic acid and condensed tannin fractions from barkgof 
wattles, noted that the inhibition was non-competitive. 
Tagari et al. (1965) observed an inhibition of cellulytic 
and proteolytic activity in an artificial rumen by extracts 
from carobs. Other authors, Loomis and Battaile (1964) 
Sanderson (1965), observed that the removal of polyphenols 
from enzyme preparations of plant origin greatly enchanced 
the enzyme activity. Tamir and Alumot (1969) determined the 
degree of inhibition of trypsin, c¢-amylase and lipase by 
condensed carob tannins and compared with that caused by a 
glucoside of m-digallic acid. 

Depression of the metabolizable energy content of 
soybean meal by eaded Gannansewaspsigniticantfin onécins tance 


but the extent of reduction of the metabolizable energy value 
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22 
was not of the magnitute expected on the basis of the improve- 
ment noted in rapeseed meal from which the tannins were 
removed. This may have been due to alteration in the composi- 
tion of tannins during the extraction procedure. Evidence for 
such alterations has been reported by Haslam (1966). 

Body weight, thyroid-to-body-weight ratios and 
calories consumed per gram gain to six weeks of age are 
presented in Table 4. Analysis of variance and application 
of Duncan's multiple range test (Steel and Torrie, 1960) 7to 
the growth data showed that the chicks fed the rapeseed meal- 
containing rations were significantly lower (P2270 201) 0-1n 
body weight at 42 days of age than those fed the soybean 
meal-contaiming|Yations. In this connection, however, it 
should be pointed out that the rapeseed meal and soybean meal- 
containing diets were not isocaloric. Hence a Similar growth 
response was not anticipated. While sfachnteditierences * in 
thyroid-to-body-weight rations were noted these were not 
Signict Gane (P=) 0s 0552 

Caloric efficiencies, calculated in order to determine 
whether energy utilization was affected by treatment, revealed on 
Analy s..Se Wo significant differences between treatments (Be 0050 = 
Summary 

A study was made on the effect of tannins in rapeseed 
meal on the metabolizable energy of the meal. Results showed 
that removing the tannins rtm Papeeeed meal increased the 
metabolizable energy value or rapeseed meal for chicks from 
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24 
kg when the determinations were done at 2 week and 6 weeks 
of age respectively. 

Addition of tannins extracted from rapeseed meal to 
soybean meal resulted in a reduction in its metabolizable 
energy value. 

The presence or absence of tannins had no Significant 
effect on average body weight or caloric efficiencies of 
chicks fed rations containing either rapeseed meal or soybean 
meal. 

2. Effect of tannins in rapeseed meal on the absorbability 
of protein in rapeseed meal by chicks 
Object 

The results of the previous experiment indicated that 
the extraction of the tannins from rapeseed meal increased 
its metabolizable energy content. On the assumption that the 
improvement in metabolizable energy value was the result of 
Better Nutuient’ utibvzation, studies were conducted to 
determine whether or not improved absorbability of nitrogen 
as a result of removing tannins from rapeseed meal was a 
contributing factor to the improvement in its metabolizable 
energy value. 

Experimental 

In this experiment the absorption of nitrogen by 
chicks, from rations containing rapeseed meal or tannin-free 
rapeseed meal as the sole source of protein or as a replace- 
ment for part of she glucose in the reference diet, was 


studied using the nitrogen remaining in the férmina let veth 
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Zo 
segment of the small intestine as the measure of unabsorbed 
nitrogen as described by Lodhi et al. (1970b). 

The composition of the rations used in this study 1s 
Shown in lable 5% 

Rations 1, 2 ande3 were the. same, as,three of. the 
rations used in the first experiment. In rations 4 and 5 
rapeseed meal and tannin-free rapeseed meal served as the 
sole source of dietary protein. Rations 4 and 5 were for- 
mulated to contain 14:1°kcal of metabolizable energy per gram 
protein in diets. Chromic oxide was ipcorporatecdsinyadld) 
rations at a level of approximately 0.8% as an index substance. 

In this study crossbred (Dominant White X White 
Plymouth Rock) chicks of mixed sexes were fed to one week of 
Sve ron pation lip aie toewenc OLE the pre-experimental period, 
five male and five female chicks were allotted the ten 
comparable groups according to the method described by 
McKittrick (1947). During the ensuing three weeks ther: ten 
groups were continued on Ration 1. At the endwol this. time 
duplicate groups were placed on each of the five rations 
shown in Table 5. Management of the chicks was similar to 
that described in the first experiment. 

In order that metabolizable energy values could be 
determined, excreta were collected from each group Giochi cks 
on the 40th, 41st and 42nd days. The methods form collecting, 
holding and processing excreta and for conducting chemical 
analyses: TOT moisture, nitrogen, combustible energy and 


chromic oxide were similar to those referred to in the first 
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TABLE 5. - Composition of experimental rations 
ee oil La ie eth eae oe Bel ee ene rns 


Raci.one nod 


Components $$ 
il 2 3 4 : 
oe ne ee 
GClucese A975 O21 19, O24 1 Oe L 177.500 Zo © 
Soybean meal 5 bos) 35 - = 
Glycine ls al il 1 uh 
DL methionine O55 De 2 eS 0.5 O.. 5 
Rapeseed meal 30 : 50.0LS 
Rapeseed meal, 

Caliin=irec . : 30 = 55.500 
Brewer's yeast 259 oa Nes, = 
Dried whey Z Z 2 - - 
Mineral mix ges 4,91 4,91 4,91 4.9.1 
Vitamin mix Ueo6 Un 28 0.58 Oe: Cee 
Soybean oil 2 2 2 17.864 11.41 
Antioxidant 5 Oruds UU U;0Z25 Qaui2e 02025 
Chromic. Oxi deg imix 1 ik 1 Hh 1 
Cellulose - 864 864 » 864 : = 

TOTALS 100 100 100 100 100 
Sa ee We coke Oe ee) een er ce ee Ree ee eee ees a 
1cerelose 


Mineral mixture supplied in milligrams per 100 grams diet: 


CaHPO,, 2,600; CaCO,, 1,300; NaCl, 600; K,HPO,, 220; MgSO,, 
115; FeSO,.7H,0, 28; MnSO,.H,0, 33.5; ZnCOz, 9.7 CuSO,. 
5H,0, 0.78; KI, 0.29 and Na,Se0,, 0.022. 


2 
sVitamin mixture supplied the following levels per 100 grams 

Of dictae thiamine,win0rmes rabotlavin, 1.0 mg; calcium 
pantothenate, 4.0 mg; biotin, 0.04 mg; pyridoxine, 2.0 mg, 
niacin, 8.0 mg; folacin, 0.3 mg; /menadione, OG Somer 

vitamin Bio: 0, 0005 nig scholine chloride, 500 mg. aureomycin , 
i0eie pavencanin Aw lyg00 Sl.U, 5 vitamin Dz, 260 alee wis. s 
ViGaiileny O20 alsUs 


+e thoxyquin 


>Contains: S05 enromac. oxide, “20% flour 
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experiment. The metabolizable energy values for rapeseed meal 
and tannin-free rapeseed meal were calculated from the deter- 
mined metabolizable energy values of the respective rations by 
subtracting the energy contributed by the glucose and soybean 
O1l ancluded=in the rations. In these calculations glucose and 
soybean oil were assigned metabolizable energy values of 3.64 
(Anderson et al., 1958) and 9.21 (Renner and Elcombe, 1964) 
keal (per igram respectively. 

Nt six weeks of agew the chicks were killed with chloro- 
form and their digestive tracts were removed immediately. The 
emall sintestines from the proximal, end ox the duodenum) to the 
junction of the caeca and colon, was divided into five segments. 
The contents-of the terminal fitth»segment of the small 
intestine were removed using distilled water and gentle pressure. 
This) was done jas s0Om, asepossible arter |killing to “avoid, an so 
far as possible, shedding of epithelial tissue into the gut. 
The intestinal contents thus obtained were freeze-dried and 
analyzed for chromium and nitrogen using the methods described 
by Hill and Anderson (1958). The absorbability of nitrogen was 
determined by comparing the ratio of nitrogen to chromic oxide 
in the feed to the ratio of nitrogen to chromic oxide in the 
Comtent ofethe terminal fitth of the small intestine. 

Results and Discussion 

Summarized in Table 6 are data showing the apparent 
apsorpapLlity OL nitrogen in rapeseed meal and soybean meal for 
6 week old chickens. iihen soybean meal and rapeseed meal 


served as the sole source of protein in the ration the 
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30 
absorbabilities of nitrogen were 85.2 and 79.7%, respectively. 
Analysis Of Variance (Steel and Torrie, 1960) showed that the 
apparent absorbability of nitrogen in rapeseed meal was signif- 
icantly lower than in soybean meal (P2270, 01). eelhese findings 
are in agreement with those of Godin teptalee (17 Ub). 

The data also show that the absorbability of the 
nitrogen in rapeseed meal was lower when it served as a partial 
source of protein than when it provided all of the protein in 
the ration, with values of 62.6 and 79.7%) respectively: *Ihe 
results agree closely with the findings Ofelodhimetral «(0957 Uae 

Apparent nitrogen absorption did not appear to be 
increased by the extraction of tannins from rapeseed meal. 

There was no significant difference in absorbability of inatrogen 
from tannin-containing and tannin-free rations regardless of 
whether rapeseed meal provided a part or all of the protein in 
the ration. 

Metabolizable energy values of rapeseed meal and tannin 
free rapeseed meal for 6 Pek old chicks are presented in 
elie 1h. 

The metabolizable energy content of soybean meal was 
significantly higher (P<0.01) than either regular or tannin- 
free rapeseed meal. The data show that the metabolizable 
energy content of rapeseed meal was Signiticantiyelower (P< 0.01) 
when meal was substituted, weight for weight, for glucose ina 
ration containing soybean meal maeKe than when it served as 
the sole source of nitrogen. These results agree plein <6 We 


finding of Lodhi et al. (1969, 1970a). 
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Removal of tannins from the rapeseed meal significantly 
(P < 0.01) improved the metabolizable energy value of the rape- 
seed meal when it served as a partial source of protein in the 
ration (1,795 vsa,237»kcal perikg) but did not appear to affect 
itsmetabolizable energy value when it served as the sole 
Source of protein 2n-the ration (1,803 vs 1,761 keal per kg). 
Explanation of this result must await further studies. 

Analysis of variance of the growth data (Table 8) 
showed no significant differences (P< 0.05) between the treat- 
ments receiving regular or tannin-free rapeseed meal. Calories 
consumed per gram of gain were significantly higher (P< 0.05) 
in the group fed regular rapeseed meal as the sole source of 
nitrogen than in the groups fed soybean meal or tannin-free 
rapeseed meal but efficiency of energy utilization was not 
affected when regular and tannin-free rapeseed meals were used 
in combination with soybean meal. 

Summary 

A study was conducted on the effect of tannins on 
nitrogen absorption and the metabolizable energy value Ot yrape= 
seed meal. 

Nitrogen absorption from rapeseed meal and heonii-1t16ce 
rapeseed meal were 62.6% and 64.2% respectively when fed as 
part of the nitrogen source and 79.7% and 80.4% respectively 
when fed as sole source of nitrogen in the ration. Hence the 
presence of tannins in rapeseed meal apparently had no 
epvreutdpleserrect gerogen absorption. 


The removal of tannins from rapeseed meal resulted in 
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33 
a marked increase in metabolizable energy content when rape- 
seed meal served as a partial source of protein in the ration 
but had no effect on metabolizable energy when it provided 


giao the pnotein«in. the ator. 
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GENERAL DISCUSSION 

The results of the foregoing appear to indicate that 
the presence of tannins in rapeseed meal affects the metabo- 
lizable energy content of the meal. When tannins were 
removed from the meal by extraction with methanol, the 
metabolizable energy content of the meal was increased in 
comparison with the unextracted meal. The fact that the 
additivon of extracted, tannims to soybean meal resulted in a 
decrease, ing the energy content OL pthe meal seems, to support 
fhesview tiat cConniissaressigiepart, responsiple for -the 
low metabolizable energy content of rapeseed meal. 

Since metabolizable energy of a feed is derived from 
available carbohydrate, protein and fat, it would seem 
logical that factors causing a depression in metabolizable 
energy mieht act py. teducing the utilization of one or all of 
GhHese Mlltrlents.  lheunrosul ts of theses tudy worsethe setfect. ot 
tannins othe absorbabilaty Of, sthesnitrogen in-rapeseed meal, 
however, indicated that the presence or absence of tannins 
Hadenowet tect on tiewapcotpabilitvaot mitgogen. Furthermore, 
this finding that the metabolizable energy content of rape- 
seed meal was unaffected by the removal of tannins when it 
served as the sole source of protein casts some doubt on 
the conclusion that the presence of tannins in rapeseed meal 


reduces its metabolizable energy value. 
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